SUPPLEMENTARY NOTE 1:
The effect of pure in-plane strain or out-of-plane pressure on the sliding energy in graphene and BN
To elucidate the different effects from in-plane strain and out-of-plane pressure on the sliding energy in graphene and BN, we did PBE+MBD 1 calculations under pure strain or pure pressure conditions.
In the case of graphene, we show that when no strain is applied onto the system, the pressure Because the interlayer interaction (core) is much weaker than the two faces and the core does not contribute to the flexural rigidity of the structure, shear stress should be constant over the interlayer distance under a centrally pointed load. In other words, the core is considered as an "antiplane" core. The maximal deflection of the beam due to the load is δ. For small displacements, the total deflection of the center of the beam includes the sum of two deflections:
where and represent pure bending and shear deflections, respectively; x is the distance to the loading center. For a clamped beam under centrally pointed load :
where G is the shear modulus of the sandwich beam; A is the cross-sectional area of the core. In the isotropic elastic limit, the shear strain energy in the sandwich beam can be calculated by:
∫ and shear strain ( ):
Therefore, we have:
Calculation of shear modulus
The shear moduli of graphene and BN are calculated by: 3 where G is shear modulus; d is the interlayer distance in graphene and BN; σ is the area per atom in these two materials; U is the potential surface of interlayer interaction energy; x is distance. σ is estimated using bond length (l):
√
We used the bond lengths of 0.142 nm for G and 0.145 nm for BN, respectively. We can also define:
( ) where U eff is the sliding energy in graphene and BN. Therefore, the shear modulus can be calculated by:
It can be seen that G changes when graphene and BN nanosheets are under in-plane strain and out-of-plane compression. In other words, we need to use different values of G to calculate shear strain energy at the loading center and the rest of the suspended nanosheets.
